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Japanese patent Laid-Open No. 328000/1996 
Laid-Open Date: December 13, 1996 
Request for Examination: Not made 

inventor: Shunpei Yamazaki, Toshimitsu Konuma, Jun Koyama, 
and Osame Mitsuaki 

Applicant: SEMICONDUCTOR ENERGY LAB CO., LTD. 

Title of the Invention: ACTIVE MATRIX TYPE LIQUID CRYSTAL 

DISPLAY APPARATUS 

Abstract : 

[Purpose] 

To provide an active matrix type liquid crystal display 
apparatus that can shield the driving circuit section from the 
light by increasing the opening ratio without increasing the 
number of manufacturing processes. 
[ Constitution ] 

In an active matrix type liquid crystal display apparatus 
that comprises at least a first insulating substrate having 
a pixel section configured by TFTs and a driving circuit section 
that drives the pixel section on the same plane, a second 
insulating substrate that faces the substrate and has a color 
filter, and a liquid crystal material filled between the first 
insulating substrate and the second insulating substrate, a 
light shielding film is composed by super imposingly providing 
color filters of three kinds, that are, R (red), G (green), 
andB (blue) at the positions , on the second insulating substrate, 
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facing the driving circuit section. 
Claims : 

[Claim 1] An active matrix type liquid crystal display 
apparatus comprising at least: 

a first insulating substrate having, on the same plane, 
a pixel section in which a plurality of pixels to which thin 
film transistors are connected are arranged in a state of matrix 
and a driving circuit section that drives the pixel section 
configured by the thin film transistors; 

a second insulating substrate that faces the substrate 
and has a color filter; and 

a liquid crystal material filled between the first 
insulating substrate and the second insulating substrate, 

which is characterized in that a light shielding film 
configured by superimposing color filters of three kinds 
including R (red), G (green) and B (blue) is provided at the 
position, on the second insulating substrate, facing the driving 
circuit section. 

[Claim 2] An active matrix type liquid crystal display 
apparatus comprising at least: 

a first insulating substrate having, on the same plane, 
a pixel section in which a plurality of pixels to which thin 
film transistors are connected are arranged in a state of matrix 
and a driving circuit section that drives the pixel section 
configured by the thin film transistors; 
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a second insulating substrate that faces the first 
insulating substrate and has a color filter provided at a 
position facing the pixel section; and 

a liquid crystal material filled between the first 
insulating substrate and the second insulating substrate, 

which is characterized in that the pixel section is 
provided with a black matrix; and 

a light shielding film configured by superimposing color 
filters of three kinds including R (red) , G (green) , and B (blue) 
is provided at the position, on the second insulating substrate, 
facing the driving circuit section. 

[Claim 3] An active matrix type liquid crystal display 
apparatus comprising at least: 

a first insulating substrate having, on the same plane, 
a pixel section in which a plurality of pixels to which thin 
film transistors are connected are arranged in a state of matrix 
and a driving circuit section that drives the pixel section 
configured by the thin film transistors; 

a second insulating substrate that faces the first 
insulating substrate and has a color filter provided at a 
position facing the pixel section; and 

a liquid crystal material filled between the first 
insulating substrate and the second insulating substrate, 

which is characterized in that the pixel section is 
provided with a black matrix; 
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the driving circuit section has a wiring material made 
of the same material as that of the black matrix; and 

a light shielding film configured by superimposing color 
filters of three kinds including R ( red ) , G ( green ) , and B ( blue ) 
is provided at the position, on the second insulating substrate, 
facing the driving circuit section. 

[Claim 4] The active matrix type liquid crystal display 
apparatus according to claims 1 to 3 , characterized in that 
each of the color filters of three kinds including R (red), 
G (green) , and B (blue) that configure the light shielding film 
has the same composition as that of the color filter of the 
same kind arranged at the position facing the pixel section. 
[Claim 5] An active matrix type liquid crystal display 
apparatus comprising at least: 

a first insulating substrate having, on the same plane, 
a pixel section in which a plurality of pixels to which thin 
film transistors are connected are arranged in a state of matrix 
and a driving circuit section that drives the pixel section 
configured by the thin film transistors; 

a second insulating substrate that faces the first 
insulating substrate and has a color filter provided at a 
position facing the pixel section; and 

a liquid crystal material filled between the first 
insulating substrate and the second insulating substrate, 

which is characterized in that the pixel section is 
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provided with a black matrix; 

the driving circuit section has a wiring material made 
of the same material as that of the black matrix; and 

a light shielding film is provided with a light shielding 
film at the position, on the second insulating substrate, facing 
the driving circuit section. 

[Claim 6] The active matrix type liquid crystal display 
apparatus according to claims 1 to 5, characterized in that 
the driving circuit contacts with the liquid crystal material 
directly or through a thin film. 

[Claim 7] The active matrix type liquid crystal display 
apparatus according to claims 1 to 6, characterized in that 
the facing substrate has a size comparable to the driving 
circuit. 

DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Filed of the Invention] 

The present invention relates to an active matrix type 
liquid crystal display apparatus, and particularly relates to 
an active matrix type liquid crystal display apparatus on which 
increase in the opening ratio and reduction in processes are 
aimed. 
[0002] 
[Prior Art] 

In an active matrix type liquid cry stal display apparatus , 
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pixels are disposed at the intersections of a matrix, all the 
pixels are provided with a device for switching, and thereby 
pixel information is controlled by on/off of the switching 
devices. Liquid crystals are used as display media of such 
display apparatuses. In the invention, particularly, three 
terminal devices, that is, thin film transistors having gate, 
source, and drain are used as the switching devices. 
[0003] 

In the description of the invention, with regard to the 
rows of the matrix, scan lines (gate lines) arranged parallel 
to the rows are connected to the gate electrodes of the thin 
film transistors on the rows, and with regard to the columns 
of the matrix, signal lines (source lines) arranged parallel 
to the rows are connected to the source (or drain) electrodes 
of the thin film transistors on the columns . A circuit to drive 
the scan lines is referred to as the scan line driving circuit, 
and a circuit to drive the signal lines is referred to as the 
signal line driving circuit. The thin film transistors are 
referred to as the TFTs . In recent years, the market of 
viewfinders of video cameras and projectors has been ruled by 
liquid crystal display apparatuses in which the driving circuit 
is formed simultaneously with pixel TFTs on a glass substrate 
using polysilicone TFTs. Further, a driving circuit to 
increase the reliability and reduce the size of the substrate 
of the liquid crystal display apparatuses is provided in the 



6 

Copied from 09516028 on 09/28/2004 



liquid crystal region as well as pixel TFTs . 
[0004] 

Fig. 2 shows a first conventional example of an active 
matrix type liquid crystal display apparatus . As shown in this 
example, the active matrix type liquid crystal display apparatus 
has a signal line driving circuit disposed as shown in the upper 
part of Fig. 2 and a scan line driving circuit disposed as shown 
in the left part of Fig. 2, and thereby carries out driving 
of the signal lines and scan lines. Fig. 3 is a magnification 
of a part of the pixel matrix in Fig. 2 . Fig. 3 shows the region 
that does not pass the light between ITO pixel electrodes in 
such a manner that the black matrix on the facing substrate 
and the ITO pixel electrodes are superimposed. A black matrix 
is a layer that shields lights in the gap between the pixel 
electrodes and the TFT area, and defines the opening ratio of 
a panel , thus having significant effects on the display luminance. 
The opening ratio is the opening area of the black matrix divided 
by the area of the pixel cell, and a greater ratio is more 
advantageous for display. Fig. 4 shows a cross sectional view 
of this example. In color displaying, increase in luminance 
is a significant requirement, and it is required to increase 
the opening ratio. By increasing the opening ratio, the 
brightness of a light source of a backlight or the like is 
decreased, and thus the consumption power of the liquid crystal 
display apparatus is reduced. 



7 

Copied from 09516028 on 09/28/2004 



[0005] 

[Problems to be resolved by the Invention] 

In making a black matrix on a facing substrate, the black 
matrix is located approximately 5 to 7 \xm inside the ITO pixel 
electrodes as shown in Fig. 3 for accuracy in sticking the TFT 
substrate and the facing substrate together, and accordingly, 
there has been a problem that it is difficult to make the area 
of the opening large. 
[0006] 

Fig. 5 shows a second conventional example in which this 
problem is solved. In this example, the black matrix is moved 
from the facing substrate to the TFT substrate . Since the black 
matrix and the ITO pixel electrode are formed on the same 
substrate herein, the accuracy in sticking is improved with 
the superimposing area as narrow as approximately 2 pun. By 
thus moving the black matrix to the TFT substrate , in the example 
in Fig. 3, the opening ratio is greatly increased from 
approximately 15% (superimposing area of 7 ^m) , as shown in 
Fig. 3(A), to approximately 40% (superimposing area of 2 jxm) , 
as shown in Fig. 3(B). Particularly, as described above, if 
the facing substrate has a size comparable to the driving circuit 
and is disposed in the liquid crystal region, the driving circuit 
region and the pixel region are close, and accordingly, light 
shielding is required also on the driving circuit. 
[0007] 
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If the black matrix for light shielding of the pixels 
is moved to the TFT substrate and light shielding of the driving 
circuit is carried out by this light shielding film, there is 
no problem with light shielding, but the capacity of the 
interlayer insulating film between the TFTs of the driving 
circuit and the black matrix is not negligible . If the thicknes s 
of the interlayer film is set to 3 000 A, and a nitride film 
is used, the capacity of the insulating film per unit area is 
2.50 x 10~ 16 [ F / jim 2 ] . Accordingly, for example, if there is a 
wiring 100 \im in width and 50000 \xm in length on the clock line 
of the driving circuit or the like, the capacity between the 
wiring of the driving circuit and the black matrix is 1.25 x 
10" 9 [F]. In this case, if the sheet resistance of the wiring 
is 0.2 [Q/nm 2 ], the delay time of the wiring of the driving 
circuit is 1.25 x 10" 7 [s], which will be a problem in driving 
the wiring in several MHz. The circuit characteristic is 
important for the driving circuit compared to the pixel TFTs 
and requires to be improved. 
[0008] 

Fig. 6 shows a second conventional example in which the 
problem that the driving circuit characteristics are 
unsatisfactory is solved by moving a black matrix from a facing 
substrate to the TFT substrate . In this example , only the black 
matrix of the pixel section is moved to the TFT substrate, and 
the black matrix of the driving section is formed on the facing 



9 

Copied from 09516028 on 09/28/2004 



substrate. In this case, the opening ratio is increased, but 
the number of manufacturing processes is increased due to forming 
a black matrix on both the TFT substrate and the facing substrate . 
[0009] 

An object of the invention is to provide a liquid crystal 
display apparatus having an increased opening ratio without 
increasing the number of manufacturing processes. An object 
of the invention is to provide a liquid crystal display apparatus 
capable of shielding lights of the driving circuit section 
without increasing the number of manufacturing processes. 
[0010] 

[Means of solving the Problems] 

To solve the above problem, the invention provides an 
active matrix type liquid crystal display apparatus comprising 
at least a first insulating substrate having, on the same plane, 
a pixel section in which a plurality of pixels to which thin 
film transistors are connected are arranged in a state of matrix 
and a driving circuit section that drives the pixel section 
configured by the thin film transistors, a second insulating 
substrate that faces the above described substrate and has a 
color filter, and a liquid crystal material filled between the 
first insulating substrate and the second insulating substrate, 
wherein the active matrix type liquid crystal display apparatus 
is characterized in that a light shielding film configured by 
superimposing color filters of three kinds including R (red), 
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G ( green ) , and B ( blue ) is provided at the position , on the second 
insulating substrate, facing the driving circuit section. 
[0011] 

Another configuration according to the invention 
provides an active matrix type liguid crystal display apparatus 
comprising at least a first insulating substrate having, on 
the same plane, a pixel section in which a plurality of pixels 
to which thin film transistors are connected are arranged in 
a state of matrix and a driving circuit section that drives 
the pixel section configured by the thin film transistors, a 
second insulating substrate that faces the above described first 
insulating substrate and has a color filter provided at a 
position facing the pixel section, and a liquid crystal material 
filled between the first insulating substrate and the second 
insulating substrate, wherein the active matrix type liquid 
crystal display apparatus is characterized in that the pixel 
section is provided with a black matrix, and a light shielding 
film configured by superimposing color filters of three kinds, 
that are, R (red), G (green), and B (blue) is provided at the 
position, on the second insulating substrate, facing the driving 
circuit section. 
[0012] 

Another configuration according to the invention 
provides an active matrix type liquid crystal display apparatus 
comprising at least a first insulating substrate having, on 



11 

Copied from 09516028 on 09/28/2004 



the same plane, a pixel section in which a plurality of pixels 
to which thin film transistors are connected are arranged in 
a state of matrix and a driving circuit section that drives 
the pixel section configured by the thin film transistors, a 
second insulating substrate that faces the above described first 
insulating substrate and has a color filter provided at a 
position facing the pixel section, and a liquid crystal material 
filled between the first insulating substrate and the second 
insulating substrate, wherein the active matrix type liquid 
crystal display apparatus is characterized in that the pixel 
section is provided with a black matrix, the driving circuit 
section has a wiring material made of the same material as that 
of the black matrix, and a light shielding film configured by 
superimposingly arranging color filters of three kinds 
including R (red), G (green), and B (blue) is provided at the 
position, onthe second insulating substrate, facing the driving 
circuit section. 
[0013] 

Another configuration according to the invention 
provides an active matrix type liquid crystal display apparatus 
characterized in that, in each of the above described 
configurations, each of the color filters of three kinds 
including R (red), G (green), and B (blue) that configure the 
light shielding film has the same composition as that of the 
color filter of the same kind arranged at the position facing 
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the pixel section. 
[0014] 

Another configuration according to the invention 
provides an active matrix type liquid crystal display apparatus 
comprising at least a first insulating substrate having, on 
a same plane, a pixel section in which a plurality of pixels 
to which thin film transistors are connected are arranged in 
a state of matrix and a driving circuit section that drives 
the pixel section configured by the thin film transistors, a 
second insulating substrate that faces the above described first 
insulating substrate and has a color filter provided at a 
position facing the pixel section, and a liquid crystal material 
filled between the first insulating substrate and the second 
insulating substrate, wherein the active matrix type liquid 
crystal display apparatus is characterized in that the pixel 
section is provided with a black matrix, the driving circuit 
section has a wiring material made of the same material as that 
of the black matrix, and a light shielding film is provided 
j? at the position, on the second insulating substrate, facing 

the driving circuit section. 
[0015] 

Another configuration according to the invention 
provides an activematrix type liquid crystal display apparatus , 
characterized in that, in each of the above described 
configurations, the driving circuit contacts with the liquid 
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crystal material directly or through a thin film. 
[0016] 

Another configuration according to the invention 
provides an active matrix type liquid crystal display apparatus , 
characterized in that, in each of the above described 
configurations, the facing substrate has a size comparable to 
the driving circuit. 
[0017] 

The invention overcomes the above described, problems by 
increasing the opening ratio without increasing the number of 
manufacturing processes, of which the configuration is shown 
in Fig . 1 . In this example , the black matrix of the pixel section 
is mounted on the TFT substrate to increase the opening ratio, 
and arrange color filters R, G, and B at the same position on 
the facing substrate, with the three color filters superimposed, 
as a light shielding film of the driving circuit section. Fig. 
10 shows the spectral characteristics of the color filters R, 
G, and B. The three color filters R, G, and B are superimposed, 
thereby do not pass visible lights, as shown in Fig. 10, and 
can be used as a light shielding film. Further, since it is 
not required to form a light shielding film in the same layer 
as the black matrix of the pixel section, in the pixel section, 
the material used as the black matrix can also be used as a 
material configuring the wiring material of the driving circuit . 
[ Embodiments ] 
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[0018] 

The manufacturing method of the substrates of a liquid 
crystal display apparatus using an active matrix circuit 
according to the present embodiment will be described below. 
Amanuf acturing process to obtain a monolithic type active matrix 
circuit according to the present embodiment will be described 
below using Fig. 7. This process is a low temperature 
polysilicon process. The manufacturing process of the TFTs 
of the driving circuit is shown in the left side of Fig. 7, 
and the manufacturing process of the TFTs of the active matrix 
circuit is shown in the right side of Fig. 7. First of all, 
a silicon oxide film with a thickness of 1000 to 3000 A is formed 
as a substrate oxide film (702) on a glass substrate (701) as 
a first insulating substrate. This silicon oxide film can be 
formed by a sputter method or a plasma CVD method in an atmosphere 
of oxygen. 
[0019] 

Thereafter, an amorphous silicon film is formed with a 
thickness of 300 to 1500 A and preferably 500 to 1000 A by a 
plasma CVD method or a LPCVD method. Then, the silicon film 
is subjected to heat annealing at a temperature higher than 
500 degree Centigrade and preferably at 500 to 600 degree 
Centigrade so that the silicon film is crystallized or becomes 
more crystalline. After crystallization by heat annealing, 
the silicon film may be subjected to light (laser or the like) 
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annealing to be crystallizedmore. Further, in crystallization 
by heat annealing, as described in Japanese Laid-Open Patent 
Publications No. 6-244 103 and 6-244 104 , an element (a catalytic 
element) such as nickel may be added to promote crystallization 
of silicon. 
[0020] 

Next, the silicon film is etched to form active layers 
(703) (for P-channel type TFTs ) and (704) (for N-channel type 
TFT) of the TFTs of the driving circuit on the island, and an 
active layer (705) of the TFTs (pixel TFTs) of the matrix circuit . 
Further, a gate insulating film (706) of silicon oxide with 
a thickness of 500 to 2000 A is formed by the sputter method 
in an atmosphere of oxygen. A plasma CVD method may be used 
to form the gate insulating film. In case of forming a silicon 
oxide film by a plasma CVD method, it is preferable to use 
bi-nitrogen monoxide (N 2 0) or oxygen (0 2 ), and monosilane (SiH 4 ) 
as raw material gas . 
[0021] 

Then, aluminum foil with a thickness of 2000 to 6000 A 
is formed on the entire surface of the substrate by the sputter 
method. To prevent generation of hillocks by the heat process 
thereafter, aluminum containing silicon, scandium, vanadium, 
or the like may be used. This is etched to form gate electrodes 
(707, 708, and 709). (Fig. 7 (A)) 

Next, this aluminum foil is anode oxidized. Anode 
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oxidization causes the surface of the aluminum foil to become 
aluminum oxide (710, 711, and 712), which effectively functions 
as an insulator. (Fig. 7 (B) ) 
[0022] 

Next, a mask (713) of a photoresist that covers the active 
layer of the P-channel type TFTs is formed. Then, phosphorus 
is added by an ion doping method with phosphine as the doping 
gas. The dosing amount is set to 1 x 10 12 to 5 x 1013 atom/cm 2 . 
As a result, extreme N-type regions (source and drain) (714 
and 715) are formed. (Fig 7 (C)) 

Next, a mask (716) of a photoresist that covers the active 
layer of the N-channel type TFTs and the active layer of the 
pixel TFTs is formed. Then, boron is added by the ion doping 
method again with diboron (B 2 H 6 ) as the doping gas. The dosing 
amount is set to 5 x 10 14 to 8 x 10 15 atom/cm 2 . As a result, 
a P-type region (717) is formed. The above described doping 
forms extreme N-type regions (source and drain) (714 and 715) 
and an extreme P-type region (source and drain) (717). (Fig. 
7 (D)) 
[0023] 

Thereafter, heat annealing is carried out at 450 to 850 
degree Centigrade for 0 . 5 to 3 hours, thereby the damage caused 
by doping is recovered, doping impurities are activated, and 
the crystallinity of silicon is recovered. Then, a silicon 
oxide film with a thickness of 3000 to 6000 A is formed by the 
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plasma CVD method as an interlayer insulator ( 718 ) on the entire 
surface. This may be either a silicon nitride film or a 
multilayer film of a silicon oxide film and a silicon nitride 
film. Next, the interlayer insulating film (718) is etched 
by a wet etching method or a dry etching method to form a contact 
hole in the source and the drain. 
[0024] 

Then, an aluminum film with a thickness of 2000 to 6000 
A or a multilayer film of titanium and aluminum is formed by 
the sputter method. This is etched to form the electrodes and 
wirings (719, 720, and 721) of the peripheral circuit and the 
electrodes and wirings (722 and 723) of the pixel TFTs (Fig. 
7 (E)). Further, a silicon nitride film ( 724 ) with a thickness 
of 1000 to 3000 A is formed by the plasma CVD method as a 
passivation film, and the passivation film is etched to form 
a contact hole reaching an electrode (723) of the pixel TFTs. 
Next, an ITO (indium tin oxide) film with a thickness of 500 
to 1500 A formed by the sputter method is etched to form a pixel 
electrode (725). Then, a silicon nitride film (726) with a 
thickness of 2000 A is formed by the plasma CVD method and etched 
to be an interlayer film. 
[0025] 

Finally, a titanium or chrome film with a thickness of 
2000 A is formed by the sputter method. This is etched to form 
the black matrix (727 ) of the pixel section. The black matrix 
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is the top layer herein, but the ITO and the black matrix may 

be reversed. 

[0026] 

Next, the manufacturing method of the facing substrate 
will be described with reference to Fig. 8. Fig. 8 shows a 
manufacturing process sectional view of the facing substrate 
in a first embodiment. A red color resist, as a color filter 
(802), with a thickness of 1.6 nm using a spinner is spread 
over a glass substrate (801) as the second substrate. Next, 
it is dried at the temperature of 90 degree Centigrade, subjected 
to exposure, development, and flushing, and dried at the 
temperature of 210 degree Centigrade. In such a manner, on 
the facing substrate, at the position facing the entire surface 
of the driving circuit section formed on the first insulating 
substrate and the position facing the R (red) region of the 
pixel section, red (R) color filters are formed. Next, in the 
same manner, over the region over which red (R) has been spread 
facing the entire surface of the driving circuit in the previous 
process, and at the position, on the facing substrate, facing 
the G (green) region of the pixel section, a G (green) color 
filter (803) is formed with a thickness of 1.4 juti. Further, 
in the same manner, over the region over which G (green) has 
been spread facing the entire surface of the driving circuit 
in the previous process, and at the position, on the facing 
substrate, facing the G (green) region of the pixel section, 
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a B (blue) color filter (804) is formed with a thickness of 
1.5 \xm. Thereafter, ashing of 0 2 is carried out to remove the 
residual, and then an overcoat film with a thickness of 1.1 
jim is formed to protect the color filters. Finally, an ITO 
(indium tin oxide) film with a thickness of 500 to 1500 A is 
formed by the sputter method on the entire surface, and thus 
a pixel electrode (805) is formed. 
[0027 ] 

In such a manner , at the position, on the facing substrate, 
facing the pixel position, color filters of three colors 
corresponding to respective pixels are provided, and over the 
region, on the facing substrate, facing the entire surface of 
the driving circuit section, three kinds ( three colors ) of color 
filters, that is, R, G, and B are super imposingly provided. 
When color filters of three kinds (three colors), that is, R, 
G, and B are superimposed, visual lights can hardly pass them, 
and accordingly black display is obtained visually, making it 
possible to form a practical light shielding film. 
[0028] 

Next, the assembling process of the active matrix type 
liquid crystal display apparatus is described below. The TFT 
substrate and the facing substrate are cleaned and liquid 
detergent is rinsed well. Then, orientation films are stuck 
to the TFT substrate and the facing substrate. A certain channel 
is provided on the orientation films, and liquid crystal 
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molecules are uniformly disposed along the channel. As the 
material of the orientation films, a solvent such as 
butylcellosolve or N-Methylpyrrolidone with polyimide solute 
of approximately 10 % of the solvent in weight is used. This 
is called polyimide varnish. Polyimide varnish is printed by 
a flexographic printer. 
[0029] 

Next, the orientation films stuck to the TFT substrate 
and the facing substrate are heated and hardened . This is called 
a bake, in which heated air of a highest temperature of 
approximately 300 degree Centigrade is supplied to heat the 
polyimide varnish so that it is baked and hardened. Further, 
the glass substrates stuck with the orientation films are rubbed 
with a buff cloth (fibers such as rayon and nylon) with a shag 
length of 2 to 3 mm in a certain direction to be subjected to 
a rubbing process to form thin channels. Then, spherical 
spacers of the polymer group, the glass group, the silica group, 
or the like are sprinkled either on the TFT substrate or the 
facing substrate. As sprinkling method of the spacers, there 
are a wet method in which spacers are merged into a solvent 
such as pure water or alcohol and sprinkled on a glass substrate, 
and a dry method in which spacers are sprinkled without using 
solvents at all. 
[0030] 

Next, a sealing material is spread over the outer frame 
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of the pixel section of the TFT substrate. Spreading of the 
sealing material has a role of bonding the TFT substrate and 
the facing substrate, and a purpose of preventing the poured 
liquid crystal material from flowing outside. As the sealing 
material, a material of an epoxy resin and a phenol hardening 
material soluted in a solvent of ethyl cellosolve is used. In 
spreading of the sealing material, the two glass substrates 
are stuck together. This is carried out by a heat hardening 
method of hardening the sealing material by high temperature 
pressing at approximately 160 degree Centigrade for 
approximately 3 hours. Then, the TFT substrate and the facing 
substrate are stuck together, and the crystal liquid material 
is injected from a liquid crystal injection gate to seal the 
liquid crystal material injection gate. The liquid crystal 
display apparatus in the present embodiment is constructed as 
described above. 
[0031] 

[Second Embodiment] 

Fig. 9 shows an example of a second embodiment, of the 
invention, in which the wiring material of a driving circuit 
is formed by the same material as that which constructs the 
black matrix of the pixel section. In other words, a thin film 
of titanium, chrome, or the like formed to construct the black 
matrix of the pixel section is not only used as the black matrix 
but also applied as the wiring material of the driving circuit. 
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[0032] 

In case that a black matrix exists on a TFT substrate 
as described above, to prevent generation of capacitive coupling, 
it is not possible to process a thin film of titanium or chrome 
of the same material as that of the black matrix of the pixel 
section to form a light shielding film. However, if a thin 
film of titanium or chrome is not provided such that it covers 
the entire driving circuit, but is provided such that it covers 
a part of the driving circuit to the degree that the capacitive 
coupling is not a problem, there is no problem with that. Since 
a thin film of titanium or chrome has a high conductivity, by 
forming the wiring material with use of this film, it is possible 
to reduce the area by arranging a multilayer wiring of the driving 
circuit and increasing the device density. 
[0033] 

Fig. 12 shows the configuration of an inverter chain. 
Fig. 12 (B) shows an example of the configuration of the inverter 
chain using a thin film of titanium, chrome, or the like formed 
to form the black matrix not only as the black matrix but also 
as the wiring material of the driving circuit. As shown in 
Fig 12(A) , in case that another wiring traverses the inverter 
chain or a wiring material is not used, wiring must be arranged 
to pass between inverters. However, as shown in Fig. 12(B), 
a wiring material is formed at the same time as the black matrix 
is formed, and wiring traversing the inverter chain is formed 
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using this, which makes it possible to superimpose the wiring 
on an inverter. In such a manner, reduction in the area of 
the driving circuit is achieved by multilayer wiring of the 
driving circuit and increase in the device density. 
[0034] 

[Third Embodiment] 

Fig. 11 shows a third embodiment of the invention, which 
is an example of a TFT substrate without using color filters. 
In general, color filters are not used in three plates type 
liquid crystal projectors or the like. In this case, a common 
light shielding film is formed on the facing substrate, and 
the same film as the black matrix of the pixels forms the wiring 
material of the driving circuit, thereby reduction in the area 
of the driving circuit is achieved by multilayer wiring of the 
driving circuit and increasing the device density. In this 
example, the case that the ITO is formed on the top layer is 
shown. 
[0035] 

[Effects of the Invention] 

As described above, in the present invention, a black 
matrix is provided on the TFT substrate as the light shielding 
film of the pixel section, and color filters R, G, and B are 
provided, superimposing the three filters, at the same position 
on the facing substrate, which increases the opening ratio 
without increasing the number of manufacturing processes. 
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Further, using the same film as the black matrix as the wiring 
material, high destiny of the driving circuit is enabled. 
[Brief Description of the Drawings] 

[Fig. 1] A diagram showing an example of a cross-sectional 
view of an active matrix type liquid crystal display apparatus . 
[Fig. 2] A diagram showing a first conventional example of 
an active matrix type liquid crystal display apparatus. 
[Fig. 3] Amagnif ication view showing the first conventional 
example of an active matrix type liquid crystal display 
apparatus . 

[Fig. 4] A cross-sectional view showing the first 
conventional example of an active matrix type liquid crystal 
display apparatus. 

[Fig. 5] A cross-sectional view showing a second 
conventional example of an active matrix type liquid crystal 
display apparatus. 

[Fig. 6] Across-sectional view showing a third conventional 
example of an active matrix type liquid crystal display 
apparatus . 

[Fig. 7] A process cross-sectional view of a low temperature 

polys ilicon process according to the invention (TFT substrate) . 

[Fig. 8] A process cross-sectional view of a facing 

substrate according to the present invention. 

[Fig. 9] A diagram showing a second embodiment of the 

invention. 
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[Fig. 10] A diagram showing the spectral characteristics of 
color filters (R, G, and B) . 

[Fig. 11] A diagram showing a third embodiment of the 
invention. 

[Fig. 12] A diagram showing examples of patterns of driving 
circuits according to the invention. 
[Description of Symbols] 
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Please refer to reference numerals I wrote on the sheets sent 
by fax . 

Fig. (Abstract) 
Al liquid crystal 
A2 facing substrate 
A3 color filter red 
A4 color filter green 
A5 color filter blue 

A6 color filter red, green, and blue 

A7 Al wiring 

A8 driving circuit TFT 

A9 black matrix 

A10 pixel TFT 

FIG. 1 

101 liquid crystal 

102 facing substrate 

103 color filter red 

104 color filter green 

105 color filter blue 

106 color filter red, green, and blue 

107 Al wiring 

108 driving circuit TFT 

109 black matrix 



27 

Copied from 09516028 on 09/28/2004 



110 pixel TFT 



FIG. 2 

21 signal line driving circuit 

22 scan line driving circuit 

23 pixel matrix 

24 sealing material region 

FIG. 3 

3A1 scan line 

3A2 ITO pixel electrode 

3A3 black matrix 

3A4 signal line 

3A5 superimposed region of ITO and black matrix 7 [xm 

3B1 scan line 

3B2 ITO pixel electrode 

3B3 black matrix 

3B4 signal line 

3B5 superimposed region of ITO and black matrix 2 itm 
FIG. 4 

41 liquid crystal 

42 facing substrate 

43 black matrix 

44 color filter red, green, and blue 
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45 Al wiring 

46 driving circuit TFT 

47 pixel TFT 

FIG. 5 

51 liquid crystal 

52 facing substrate 

53 color filter red, green, and blue 

54 Al wiring 

55 driving circuit TFT 

56 black matrix 

57 pixel TFT 

FIG. 6 

61 liquid crystal 

62 facing substrate 

63 black matrix 

64 color filter red, green, and blue 

65 Al wiring 

66 driving circuit TFT 

67 black matrix 

68 pixel TFT 

FIG. 7 

71 phosphorus ion 
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72 boron ion 

73 driving circuit TFT 

74 pixel TFT 

FIG. 9 

901 liquid crystal 

902 facing substrate 

903 color filter red 

904 color filter green 

905 color filter blue 

906 color filter red, green, and blue 

907 black matrix layer wiring 

908 Al wiring 

909 driving circuit TFT 

910 black matrix 

911 pixel TFT 

FIG. 10 

1001 wavelength (nm) 

1002 transmissivity 

FIG. 11 

1101 liquid crystal 

1102 facing substrate 

1103 facing black matrix 
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1104 black matrix layer wiring 

1105 Al wiring 

1106 driving circuit TFT 

1107 black matrix 

1108 pixel TFT 

FIG. 12 

1201 passing wiring (first layer wiring) 

1202 passing wiring (black matrix layer wiring) 

1203 first layer wiring 

1204 second layer wiring 

1205 black matrix layer wiring 
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